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Abstract 
Thir ty- three  anionic and six nonionic deter- 

gents have been screened for  b iodegradabi l i ty  
using the r iver  water  " D i e  A w a y "  test. Con- 
centrat ions of nonionic detergents  were best de- 
termined by the surface tension method. All 
fa t -der ived compounds without  mid chain sub- 
st i tution were found to degrade in Schuylkil l  
River  water  at  20C in less than  a week. 

Introduction 

I NCREASED ATTENTION to pollution control and the 
adverse publ ic i ty  given to the effect of non-biode- 

gradable detergents  on our r ivers  and s t r e a m s  in 
recent years makes it desirable to know about  the 
biodegradabi l i ty  of each new compound as it is sug- 
gested for use as a detergent.  Al though it can be 
postulated tha t  all s t ra ight  chain surface active agents 
will be easily degraded, the actual  tests ~,ecorded in 
the l i tera ture  are limited. Since this l abora tory  has 
synthesized a number  of tallow-based compounds, 
par t icu lar ly  those derived f rom the a-sulfo f a t t y  acids, 
we have under taken  to ve r i fy  the expected suscepti- 
bili ty to biological a t tack and to s tudy the effects of 
some unusual  s t ructures  on ease of degradation.  The 
" R i v e r  Wate r  Die A a w a y "  test (5,9) was used be- 
cause it enabled a large number  of detergents  to be 
screened in a relat ively short  time. Although this 
test has recognized limitations, it was found to be 
useful in obtaining p re l iminary  informat ion on ease 
of biodegradation.  

Experimental 
Materials. Our previous publications have described 

the prepara t ions  of the a-sulfo f a t t y  acids, their  salts, 
esters, and other derivatives (10), oxyethylated acids 
and alcohols (15) ether alcohol sulfates (3,11,14), and 
salts of a-phosphono f a t t y  acid esters (6).  The sample 
of alkylbenzenesulfonate (ABS)  used here for  com- 
para t ive  purposes was a commercial  product ,  90% 
active, with an alkyl chain derived f rom polypropyl -  
ene. The degradat ion  curve was very  similar to tha t  
of a s tandard  ABS supplied by  the Soap and Deter-  
gent Assoc. a f te r  suitable corrections were made for  
difference in per  cent active ingredient.  Sodium 
laury l  sulfoacetate, sodium oleyl N-methyl  tauride,  
sodium dioetyl sulfosuccinate and oxyethylated nonyl-  
phenol were also commercial  samples 60,72,100 and 
100% active, respectively. Correction was made in 
each case for  active ingredient  content when stock 
solutions were prepared.  

The River Water Test. Detergent  solutions contain- 
ing 100 p p m  active ingredients  were p repa red  in 
distilled water  and then diluted to 5 p p m  with fresh 
r iver  water.  Wi th  the exception of a few samples 
used for  comparison, all r iver  water  used in the 
tests came f rom the Schuylkil l  River  at F a i r m o u n t  
Park ,  Philadelphia.  

The solutions containing 5 p p m  detergent  in r iver  
water  were stored in the dark  at 20C and aliquots were 
analyzed regular ly  for  detergent  content as indi- 
cated below. 

1 Presented  at the A O C S  Meet ing  in  Minneapol is ,  1963. 
E. Uti l iz .  Res. and  Dev. Div.,  AI~S, USD.A. 
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Analysis for Anionic Detergents. The methylene 
blue method of Degens (4) was used for  all anionic 
detergents.  A 10-ml aliquot of the storage test  solu- 
tion was added to 100 ml distilled water  and t rea ted  
with 5 ml 0.035% methylene blue solution, made acid 
with 1.2% sulfur ic  acid. The salt which formed f rom 
detergent  and methylene blue was removed f rom the 
aqueous methylene blue sulfate  solution by three 10- 
ml chloroform extractions.  Combined chloroform 
extracts  were made up to 50 ml and absorbanee at 
650 m~ was measured  in a 21-ram diam tube using 
a Coleman Universal  Spectrophotometer .  

Analyses of dilutions of 5 p p m  sodium dodecane- 
sulfonate solutions showed the s t ra ight  line relation- 
ship between absorbancy and concn predic ted by  
Beer ' s  law. This curve for  sodium dodeeanesulfonate  
was used to convert  absorbancy values to conch as 
sodium dodecanesulfonate.  Conch as sodium dodeeane- 
sulfonate was in t u rn  converted to p p m  of each 
detergent  by  appropr i a t e  mol wt correction, assuming 
a 1:1 stoiehiometric relat ionship between dye molecule 
and surface active agent.  

Concn determined by the methylene blue method 
and corrected for  molecular  weight gave reliable 
analyses with detergents  having one highly ionized 
hydrophil ie  group such as the alkyl sulfates, alkane- 
sulfonates or simple alkyl  esters of a-sulfo f a t t y  acids. 
The tt2SO4 present  in the reagent  does not permi t  
soaps or carboxylic acids to react  and considerably 
reduces the reaction of the par t ia l ly  ionized phos- 
phonates. 

Analysis for Nonionic Detergents. At present  there 
appears  to be no sa t is fac tory  chemical or physical  
method for  the analysis  for  nonionic detergent  at 
very  low cohen (5 p p m  or less). Of the chemical 
methods the eolorimetric method of F i t t e r  (8) seemed 
to be the most promis ing but  considerable difficulty 
was encountered in separa t ing  and washing the 
precipi ta ted phosphotungst ie  acid complex. F i t t e r  
points out tha t  color development  is sensitive to water  
content, and tha t  the results are poorly reproducible  
with nonionics tha t  contain a small number  of oxy- 
ethyl groups. 

Two physical  methods, the eventual  d isappearance  
of foam and the gradua l  rise in surface tension, were 
invest igated but  correlat ion between the two effects 
was poor in m a n y  cases. Since it was found  tha t  high 
mol wt  polyethylene glycols have foaming  proper t ies  
in their  own r ight  and some nonionic detergents  have 
no perceptible foam at  low conen, the surface tension 
method was prefer red .  Accordingly  surface tension- 
dilution curves were obtained for  each nonionic, f rom 
which surface tension measurements  obtained through-  
out the storage per iod were converted to concn values. 

Results and Discussion 
River Water Samples. Sodium dodecanesulfonate  

was used as a s t andard  to check the biological ac- 
t iv i ty  of each r iver  water  sample. F igu re  1 shows a 
g raph  for  the d isappearance  of sodium dodeeanesul- 
fonate in samples of water  taken f rom the same spot 
in the Schuylkil l  River  at  various times f rom Augus t  
13, 1962 to March 22 of the following year.  Wi th  the 
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Fla. 1. Seasolml variations of sodium dodceancsulfonah~ 
biodcgradation in Schuylkill River w'~lcr: C) Aug. 13; A 
Aug. 20; �9 September 7, 1962; �9 March 11; [] March 22, 
1963. 

exeel/tiorl of tile sample of 8-13-62, taken af te r  a 
severe s u n l l ~ . | e r  d r o l l K h t  , all of the curves are. near ly  
the same. 

F igure  2 shows eurves for the d i sappearance  (If 
sodiuln dode(~alleSlllfonate in samples taken froln 
the Schuylki l l  River  a t  F a i r m o u n t  Park ,  Ph i lade lph ia ,  
tile Delaware River  at  Stoekton, N. J., and the 
Susquehatma River  near  Drumore,  Pa. Degrada t ion  
appears  to proceed at  about the same ra te  ill all 
three of these water  samples. When  the water  from 
small creeks was used, the resul ts  were more er- 
ra t ic  and blanks var ied  a great  deal  more depending  
on hmal eonditions.  

Amtlysis for  water  hardness  by  t i t r a t ion  with a 
s t andaM sohltion of e thyh;nediaminete t raaeet ie  acid 
(2) aml p l I  values for these samples show in Table 
I. There is not mueh var ia t ion  in pH.  W a t e r  hard-  
ness values reflect var ia t ions  in ra infa l l .  

Degradation of Anionic Detergents. F i g u r e  3 illus- 
t ra tes  the range of mater ia ls  being eonsidered here: 
the wwy soft or very easily biodegraded,  sodium alkyl  
su l fa te ;  the soft sodium a lkanesul fonate ;  an example 
of a soft , - s id l e  f a t t y  acid de r iva t ive ;  and the hard  
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:FIG. 2. Biodegradation of sodium dodeeanesulfonate in water 
from different sources: C) Delaware ]~iver, March 28; A 
Schuylkill River, March 22, Q Susquehanna River, April 5, 
1963. 

TABLE I 

Analysis of giver Water Samples 

_ _  W a t e r  s a m p l e  . 

S c h u y l k i l l  R i v e r  I 
A u g u s t  13,  1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
A u g u s ~  20 ,  1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
S e p t e m b e r  7, 1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
S e p t e m b e r  14,  1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
N o v e m b e r  26 ,  1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 
D e c e m b e r  10,  1 9 6 2  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a r c h  ii, 1 9 6 3  ........................ 
March 22, 1963 . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 

Delaware River [ 
March 28, 1963 ........................... I 

Susquehanna River 
March 30, 1963 ........................... 

H a r d n e s s  
p p m  ( 2 ) pI-I  

1 0 6  7 ,93 
1 6 0  7 .85  
129  7 .53  
...... 7 .44  

7 .40  
100  7 .68  

77  7 .58  
77  7 .60  

2 6  7 .75  

35 7 .60  

t e t r a p r o p y l  type  ABS,  quite res is tan t  to b iodegrada-  
tion. 

F igu re  4 presents  the degradat ion  curves for sev- 
seral  a-sulfopahni ta tes  and an a-phosphonopahnitate .  
Al though disodimn a-sulfopahni ta te  has a s l ight ly  
higher  in i t ia l  value because it is diaMonie, the curves 
for  diacid, disodiunl salt and methyl  ester are very  
much alike. A curve for sodiuln isoi lropyl  a-phos- 
phonopahni ta te  shows the effect of the Sldfurie acid 
in the reagent  in suppress ing  the iOlfization of the 
weakly acid phosphono group resul t ing  ill lower ana- 
lyt ical  values. 

At  cohen beh/w I pl)n b the, degradat ion  enl'VeS 
SOllletintes Silo%red erra t ic  behavior, l l robably because 
of almlytical  ( | i~eul t ies  at  this low (,(me,. More valid 
eolnparison c(mld be ot)taim, d therefore by comparing 
the time required for 80% (legradation.  Table I I  
lists the t ime re(luired for the (lisallpearane, e of 80% 
of each surface active ao'ent. Since the degradat ion 
time for sodimn dodecanesulfolmte showed sonte var ia-  
tions, the t ime relat ive to tha t  f(lr sodilun dodeeane- 
sulfonate in r iver  water  of the same date is recorded 
in the last eolmnll of Table IlL 

Analys is  for the a-phosphono esters tly the methyl-  
elm blue method is not quant i ta t ive.  Al lhough the 
analyt ical  values were low for so(lillm isopropyl  a- 
phosphonopahni ta te ,  they do appear  to show 80% 
degrada t ion  in about  75 hr. Sodium amyl a-tlhos- 
phonopelargonate  gave an even lower analysis  and 
greater  t ime was requi red  for  degradat ion.  I t  was 
not possible to analyze for  t r i sodium a-phosphono- 
pa lmi ta te  bec, ause a tendency to prec ip i ta te  in hard  
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Fro. 3. Biodegradation of anionic surface active agents in 
Schuylkill River water: C) sodium dodeeyl sulfate; A sodium 
dodeeanesulfonate; �9 sodium N-hydroxyethyl a-sulfosteara- 
mlde; [] sodium alkylbenzenesulfonate (tetrapropyl type, 
ABS).  
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p a l m i t a t e :  O s o d i u m  i s o p r o p y l  a - p h o s p h o n o p a l m i t a t e ;  A so- 
d i u m  m e t h y l  a - s u l f o p a l m i t a t e ;  ~ a - s u l f o p a l m i t i e  a c i d ;  [ ]  d i -  
s o d i u m  a - s u l f o p a h n i t a t e .  

water fu r the r  complicated the results (6).  
F rom the values listed in Table II ,  it appears that  

the surfactants  can be divided a rb i t ra r i ly  into four  
categories: 1) very  soft, 2) soft, 3) moderately hard, 
and 4) hard. Although the first three categories niay 
be considered soft by most workers in this field, we 
have chosen to make finer distinctions in order to 
relate s t ructure  to biodegradability. I t  is also pos- 
sible tha t  these differences may be impor tant  where 
decomposition takes place under  the anaerobic con- 
ditions of a cesspool or septic tank. 

The very  soft (0 3 days) group includes the simple 
alkyl sulfates, carboxylic esters, and amides where 
the hydrophobic and hydrophil ic portions are easily 
separated by hydrolysis, thus destroying surface ac- 
tivity. Determinat ion of biological oxygen demand 
does not show that  this type of compound uses up 
oxygen any faster  than other straight-chain materials. 
With  the exception of a few unusual  chemical struc- 
tures which will be described shortly, all of the 
alkanesulfonates, the a-sulfo f a t ty  acids, their  salts, 
esters and amides belong to the soft group (3-7 days) .  

The moderately hard  group (1-2 weeks) includes a 
number of compounds of unusual  structure.  They 
may be suspected of in terfer ing with bacteriological 
activity by vir tue of their exceptional wett ing prop- 
erties or by phenyl  or chlorine substi tut ion on the 
alkyl chain. The curves for  disodium a-sulfophenyl- 
stearate and disodium dichloro-a-sulfostearate (13), 
plotted on F igure  5, show some evidence of stepwise 
breakdown. Disodium dihydroxy-a-sulfostearate on 
the other hand degrades more rapidly  than the unsub- 
st i tuted a-sulfo f a t ty  acids. 

The materials which we have chosen to classify as 
hard  (greater than two weeks) are typified by po]y- 
propyl  benzenesulfonate (ABS) ,  plotted in F igure  3. 
This showed only 55-70% degradat ion af ter  one 
month under  these conditions. 

Degradation of Nonionic Detergents. Figure  6 
shows biodegradation curves for  four  nonionic de- 
tergents of different structure.  Concn for  these curves 
were determined by the surface tension method. Su- 
crose monopahnitate shows very  rapid initial degrada- 
tion, followed by a slower degradation in the final 
stages which may indicate that  some of the inter- 

mediates in the degradat ion process are surface active. 
Degradat ion of the ester type nonionic proceeds im- 
mediately and rap id ly  while the ether type appears  
to go through a short induction period before rapid  
degradat ion proceeds. The curve for  hexadecanol with 
20 oxyethyl  groups and that  for  hexadecanol with 
10 oxyethyl  groups were found to be identical by this 
method. Nonylphenol  nonionie shows very  little de- 
gradation in this time. The apparen t  initial decrease 
in concn of nonylphenol  nonionie is probably due 
to ageing effects on surface tension. 

Table I I I  compares 80% degradat ion times ob- 
tained f rom the curves with time required for  disap- 
pearance of foam. Although hexadeeanol with 10 
oxyethyl  groups showed good agreement  between 
methods, hexadecanol with 20 oxyethyl  groups showed 

T A B L E  II 
Biodeg rada t i on  of Anion ic  Dete rgents  in  Schuylk i l l  R i v e r  Wate r ,  20C 

Compound  

Sul fa tes  
O~H250SOaNa ................. 
C16tI~ ( OC~I-h ) 

OS03Na ....................... 
Cs~I1701:I C1CHC1 (CH2) 6 

CH2OSOaNa ................ 
Es te r s  and  Amides  

C~H~502COH:SOaNa" ..... 
01~H31C 02C2tI4S03Na %.. 
017H~OON (CH~) 

C21-14S 03Na a ................ 
C14H2oNI-I C O ( O t t O I t  ) a.~ 

(C t tOSOaNa)  .5 
CH2OSO3Na b .............. 

A lkanesu l fona tes  
CmH25SOaNa ................... 

C16HaaSOaNa .................... 
C17tt~SOaNa .................... 

a-Sulfo F a t t y  Acids and  
S a l t s  

C~4H29CH ( S 0 8 H )  C 02H.. 
C~I:I29C H (S03Ntt4) 

C02H ........................... 
C14tt29CH [ SOaNH 

(C2Hd0H)3] C02H ...... I 
C~dH~90H (SOaNa) 

COuNa .......................... [ 
C 16 I-t 33 C H ( S 03H ) C 02H.. [ 
C~HaaCH [ SO~NI-I ] 

(C2H4OH) 3] C02H ...... ] 
CH3 (C'H2) x C H P h  ] 

(Ct t2)  yCH (S0aNa)  
C02Na c ....................... 

CsIIITCHCICHCI 
( C He) 6CH (S03Na)  
CO2Na ......................... 

CsH~TCItOHCHOH 
(CH~) 6CH (SOsNa)  
CO~Na d ....................... 

CsH~TCHOHCtIOt t  
(CIt~) ~CH (SO~Na) 
C O~Na e ........................ 

Es te rs  of a-Sulfo F a t t y  
Acids  

CTH~CH (SOaNa) 
COeC~Hla ..................... 

Ch~I-Iu~C H (SOaNa) 
COeCH~ ....................... 

C~H29CH (SOaNa) 
COUCH (CtIa)e  ............ 

C~HeoCtt  (SO~Na) 
CO2C~H~ ...................... 

CI~HaaCtt (SOaNa) 
002CH3 ....................... 

C~II~CH (S0~Na) 
C0~CH (CH3)2 ............ 

CI~H~CI~I ( S 0aNa) 
C 02C~H~SO~Na ........... 

CsH1702CCH~CH 
(SOaNa) C 02CsH~ a ..... 

a-Sulfo Sul fa te  and  
a-Sulfo Amide  

C~HaaCH (SO~Na) 
CH~OSOaNa g .............. 

C~6I-IauCH ( S0aNa ) 
CONIIC~H~0H ............ 

ABS 
RC~H~SO~Na a, f: ............. 

Time in h r  
for  80 % 

deg rada t ion  

32, 4 2 , 4 2  

45, 52 

82 

40 
19 

62 

92 

8 2 , 1 1 6 ,  8 7 , 8 8 ,  
68, 9 8 , 1 1 1 , 9 8  

103 
117 

125 

128 

126 

9 0 , 1 2 8  
180 

91,115 

335 

186 

89 

84 

2 4 5 , 2 3 3  

103 

120 

1 6 4 , 1 6 7  

93 

1 2 0 , 1 1 5  

1 3 0 , 1 1 6  

113 

92 

111, 116 

~7OO 

Re la t ive  ease 
of b iodeg rada t i on  

Re l a t i ve  t o  
Class CleHesSO3Na, % 

I 38, 39 

I 55, 47 

I I  110 

I 54 
I 28 

I 91 

II Ii0 

II lOO 
II 89 
II i00 

II 128 

I I  130 

II 135 

I I  82, 130 
I I I  220 

I I  83, 155 

I I I  300 

III 250 

II 81 

II 76 

III 265 

II 105 

II 122 

II 190 

II 80 

II 103, 132 

II 112, 133 

I I  103 

II 135 

II 135, 105 

IV ~800 

a COmmercial products .  
b Sesquisu l fa te  of N- te t radecyl-D-gluconamide (7 ) .  
c a -Sn l fona t ion  of the Fr iede l -Craf t s  reac t ion  p roduc t  f rom oleic acid 

and benzene (13 ) .  
d Su l fona t ion  of erythro-9,10-dihydroxystearic acid ( 1 3 ) .  
e Su l fona t ion  of threo-9,10-dihydroxystearic acid ( 1 3 ) .  
f 5 0 %  b iodegrada t ion  in  20 days. 
g Su l fa t ion  of 2-sulfooctadecanoI (12 ) .  
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]~IG. 5. B i o d e g r a d a t i o n  of  some  s u b s t i t u t e d  a - s u l f o s t e a r a t e s :  

A C][:, ( C I I . . , ) ~ C H O H C H O I I  (CI{2) oCII ( S a u N a )  COeNa ; 
�9 CH:, (C t t2 )  7CtIC1CHC1 (CH~)  , C H  (SO: ,Na )  COeNa ; 
0 C H ,  (CH,~) , C I I  (C t t~ )  yCH ( S O , N a  ) C a n N a ,  w h e r e  x §  = 14. 

0 
no correlation whatsoever; the surface tension method 
showed 80% degradation in 43 hr but foam persisted 
for greater than 25 days. 

Althougll it has been possible to make some inter- 
esting comparisons of a large number of compounds 
using the river water die-away test, it must be 
remembered that this method has serious limitations 
and the results must be carefully qualified. There is 
ue~d 1!or a more thorough analysis of degradation 
pl'Odu,;ts which may be fortned in the process either 
as int,~rmediates or end products. It  is also important 
~,~ knmv }lOW these materials will perform under 
a('t ual ol)erating conditions with sewage sludge micro- 
organisms. 

Relative Tox ic i ty  
Most of this paper concerns the a-sulfo esters, now 

comniercially available under the trade name Bio- 
terge (1). It is pertinent to include here preliminary 
evahIation of relatively toxicity, and skin tests on 
a-sulfo and a-phosphono compounds by the Pharma- 
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, # / - N O N Y L P H E N O L  N O N I O N I C  

3 ~t 
z ~ C,e Ha~( OCz H4 )~oOH 

o ~ ~ CH Hz~CO (OCzH 4)IoOH (J 2 

Lo . S U C R O S E  M O N O P A L M I T A T  E 

,., -% 
I- = \ 
E3 

0 I I I I I 
0 2 0  4 0  6 0  8 0  I00  Hours  

I I 

T I M E  
F~(/. 6. Biodegradation of nonionie surface active agents. 

TABLE I I I  
Degradation of Nonionic Detergents in Schuylkill River Water, 200 

Compound 

CtilH~C O (0C2H4) ~oOH .............. 
C~sHa5 (OC~H~),OH .................... 
C~sH3s ( OC~H~ ) loOtt ................... 
C16H3a(OC~Hd)2oOH ................... 
Sucrose monopalmitate ............... 
Branched chain nonylphenol 

nonionic .................................. 

Surface tension 

% Time in hr  
Degradation for 80 % 

in 48 hr  degradation 

100 25 
74 64 
95 34 
95 43 
84 43 

.... 840 

Time in days 
for foam 

disappearance 

3 
2 
1 �89  

>25 
i0 

>60 

cological Laboratory of the W. Utiliz. Res. and Dev. 
Div. The data pertain only to acute oral toxicity, 
measured by administration of a single dose, or, when 
necessary, closely spaced multiple doses, of an aqueous 
solution to mice via stomach tube. They do not neces- 
sarily give any clue to possible effects resnltiug from 
repeated ingestion over long periods of time. With 
this understanding, 22 ,-sulfa esters were categorized 
as follows. LD~o dosage range, nlg/kg mouse >1000 
and %2000: sodium amyl a-sulfopelargonate; 3000 
mg/kg: sodium ethyl and isopropyl ~-sulfostearate; 
>3000 mg/kg: sodium 2-ethylhexyl a-sulfopclargo- 
nate, sodium propyl a-sulfolaurate, sodium methyl, 
ethyl and propyl a-sulfomyristate, sodinm methyl, 
ethyl, propyl, isoprol)yl, butyl, and amyl a-sulfo- 
palmitate, disodium 2-sulfoethyl a-sulfopahnitate, so- 
dium dodeeafluoroheptyl ~-sulfopalmitate, sodium 
methyl, propyl, butyl, and amyl a-sulfostearate; 
>4000 mg/kg: disodium 2-Slflfoethyl a-sulfostearate, 
sodium dodeeafluoroheptyl a-sulfostearate. 

Approxiate oral LDso values for anah/gous a-phos- 
phono compounds were as follows. 2500 mg/k(.! mouse: 
a-pbosphonolauric acid; 3000 mg/kg: ,L-phosphono- 
pelargonic acid and sodium isopropyl a-phosphono- 
laurate; >3000 mg/kg: sodium methyl a-phosphono- 
myristate. 

Skin Tests on a-phosphono and ,L-sulfa compounds 
were also carried out. A 2% solution of each of the 
22 ~-sulfo esters listed above was applied to the 
shaved back of two albino rats. After 15 daily ap- 
plications and one week after the last application, 
no signs of irritation were observed for any of the 
compounds tested. Skin tests were also negative for 
2% solutions of a-phosphonopelargonic acid, ~-phos- 
phonolaurie acid, sodium isopropyl a-phosphonolau- 
rate, and sodium methyl a-phosphonomyristate. 
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